suMMARY A new design of fluorophotometer is described. The instrument can measure lower concentrations of fluorescent dye with greater accuracy than previous models.
Fluorophotometry, in ophthalmology, is the investigation of fluid exchange in the various transparent structures of the eye by the non-traumatic measurement of the rate of change of concentration of an innocuous fluorescent dye (usually sodium fluorescein) that has been introduced into the eye. The fluorescence is excited and observed by means of an optical system which is similar in design to a slitlamp microscope but with provision for measuring the intensity of the fluorescent light collected. Wybar (1953, 1954) built the first truly objective fluorophotometer which employed a photomultiplier tube (PMT) to measure the intensity of the fluorescent light. Maurice (1963) completely redesigned their instrument, making several important advances. In particular, a clear indication of the position within the eye of the small volume from which fluorescent light was being collected enabled the measurement of fluorescein concentration to be achieved for the first time within structures of the eye other than the relatively bulky aqueous humour. This and Maurice's other new features are incorporated into the present instrument.
Developments since Maurice's instrument have included an attachment designed by Waltman and Kaufman (1970) to allow the conversion of conventional slit lamps into objective fluorophotometers. This attachment, which includes a fibreoptic probe, does not enable discrimination against ambient light to be made. Bloom et al. (1976) have redesigned the electronics of Maurice's instrument and have eliminated any significant instability due to variations in mains frequency by employing synchronous detection. However, they still employ mercury arc excitation, which is inherently unstable, and in practice their instrument is not capable of measuring accurately to as low a concentration as the fluorophotometer described here.
Design
The layout of the present instrument is shown in Fig.  1 . A tungsten-halogen light source driven from a stabilised power supply is used. The optics of the lamp are similar to those of a conventional slit lamp except that the light beam is chopped at 1 kHz by means of a motor-driven disc with 100 slots. The light beam is filtered by a Baird Atomic B4 interference filter F1, which passes blue light in the wavelength range 440 nm to 500 nm. The projected image of the slit S1 within the subject's eye is approximately 200 ,um by 600 ,um.
The monocular microscope gives an upright image for convenience. A portion of the band of fluorescent light which appears in the microscope field of view is selected by means of a window W in the mirror M1 which is situated at an intermediate image plane in the microscope and is therefore visible to the operator. Before being allowed to impinge on the PMT photocathode the light so selected is passed through a coloured glass filter F2 (Barr and Stroud OG15) which passes visible wavelengths longer than 515 nm and hence rejects any scattered blue excitation. The projection of the window W through the microscope objective 02 produces an image approximately 400 Fm wide and 1,400 ,um high within the subject's eye which serves to define the region from which fluorescent light can be collected and registered by the detection system.
Since the light exciting the fluorescence is modu-Improved objective slit-lamp fluorophotometer using tungsten-halogen lamp excitation (Fig. 3) , with less than 3 % change in sensitivity for mains voltage variations in the range 200 to 260V and less than 2 % of full scale drift measured over 1 hour (after a 20-minute warm-up period). The use of a synchronous detection system results in less than 3 % change in sensitivity for a ±8% change in mains frequency.
Careful design has resulted in only 6 dB of noise being introduced by the photomultiplier, preamplifier, and detection system.
Absolute fluorescein concentrations in the larger transparent media of the eye can be measured by first calibrating the instrument against a standard solution (usually 1 x 10-6 g ml-1) held in a test tube.
Preliminary clinical trial
Clinical studies have confirmed that the instrument is capable of measuring tear film fluorescein concentration over relatively long periods of time in order to estimate tear flow rate. Moreover, the sensitivity 
